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Description 

[0001 ] This invention relates broadly to a chemical va- 
por deposition system. 

[0002] The utility for high quality diamond films for var- 5 
ious applications is well known. Superior physical, 
chemical, and electrical properties make diamond films 
desirable for many mechanical, thermal, optical and 
electronic applications. For example, diamond has the 
highest room-temperature thermal conductivity of any 
material, a high electric field breakdown (-10 7 V/cm), 
and an air stable negative electron affinity. These prop- 
erties make possible high power, high frequency tran- 
sistors and cold cathodes, which cannot be made with 
any semiconductor other than diamond. 
[0003] One method for producing thin diamond films 
is by using a chemical vapor deposition (hereinafter 
'CVD') system. In CVD systems, a mixture of hydrogen 
and a gaseous hydrocarbon, such as methane, is acti- 
vated and contacted with a substrate to produce a dia- 
mond film on the substrate. The hydrogen gas is disas- 
sociated into atomic hydrogen, which is then reacted 
with the hydrocarbon to form condensable carbon radi- 
cals. The carbon radicals are then deposited on a sub- 
strate to form a diamond film. 

[0004] One manner of practicing CVD is with a plasma 
jet system. In plasma jet systems, atomic hydrogen gas 
is typically introduced into a plasma torch which produc- 
es a hydrogen plasma jet by means of a direct current 
arc (hereinafter "DC arc"), or an alternating current arc 
("AC arc"), or microwave energy. The plasma torch is 
hot enough (typically approximately 1 0,000 K) to reduce 
gases to their elemental form. The torch is directed to 
the substrate for coating, and the reagents exit a nozzle, 
or distribution head, and are directed at the substrate. 
[0005] One disadvantage of conventional plasma jet 
systems is that the distribution of the diamond coating 
is substantially fixed; i.e., the diamond coating is depos- 
ited with a roughly Gaussian distribution with substan- 
tially greater coating thickness directly beneath the dis- 
tribution head and substantially lesser coating thick- 
nesses located about the periphery of the distribution 
head. Therefore, the coating thickness is not uniform, 
and the thinner coating regions are often unusable for 
the required purpose and relegated to waste. As a re- 
sult, the cost of the unusable diamond film must be al- 
located to the usable diamond film, adding cost to the 
usable diamond film. In addition, the coating process is 
relatively time consuming, especially with larger sub- 
strates, further adding to the cost. 
[0006] Recently, a plasma jet device utilizing three 
distribution heads arranged to relatively quickly deposit 
a diamond film has been described. U.S. Patent No. 
5,667,852 to Kulik et al. discloses a plasma jet system 
having three axially symmetrically arranged convergent 
jets, i.e., the jets are all directed at a single location, such 
that the effective distance between the separate jets is 
zero. The convergent configuration permits a relatively 



rapid coating of the diamond film on a substrate located 
beneath the jets. However, it is believed that the con- 
vergent configuration is highly inefficient and will pro- 
duce significant waste of the hydrogen reagent, which 
is relatively expensive. This is because the hydrogen re- 
agent at the periphery of the convergent stream of rea- 
gent will be diffused away from the central reagent gas 
stream line and provide for a very slow, inefficient coat- 
ing process at the periphery in which a substantial por- 
tion of the hydrogen reagent will be lost. Furthermore, 
the convergent configuration of the jets, which are sub- 
ject to laminar flow dynamics, will additionally cause re- 
agent to flow away from the substrate and contribute to 
reagent loss. Moreover, the convergent configuration 
will not satisfy concerns regarding nonuniformity of coat- 
ing thickness over the entirety of a substrate having a 
width greater than the locus of convergence of the three 
jets. This concern is especially important as typically 
diamond films yield only a thirty percent usable portion, 
and the three convergent jets, in effect, would provide 
substantially the same Gaussian nonuniformity as a sin- 
gle jet, only relatively quicker. The diamond film at the 
periphery will be substantially thinner than more central 
portions, and will need to be discarded. 
[0007] U.S. Patent No. 5,403,399 to Kurihara et al. al- 
so discloses a plasma jet system having a plurality of 
jets having an effective distance between the jets which 
is greater than zero. The plurality of jets are used to in- 
crease the diamond film deposition rate and also to pro- 
duce relatively thicker films than possible with a single 
jet. However, the jets described in Kurihara are not 
spaced such that thickness uniformity of the deposited 
film will result. Moreover, the several configurations of 
the jets are highly inefficient and will produce significant 
waste of the hydrogen reagent. 

[0008] As an alternative to a plasma jet system, it is 
known to use a glow discharge CVD system which heats 
a cathode to a relatively low temperature, typically at 
temperatures up to 2000°C, to provide the thermal ac- 
tivation temperatures necessary to bring about the plas- 
matic conversion described above, and directs the car- 
bon radicals toward the substrate. U.S. Patent No. 
5,647,964 to Lee et al. describes a glow discharge de- 
vice using three cathodes which are provided in trian- 
gular arrangement, each parallelly directed and equidis- 
tant from the substrate; The operation of this class of 
system gives rise to problems which are non-analogous 
to those experienced with plasma jet systems, primarily 
because there is no distribution head utilized. In the glow 
discharge method, uniformity of coating is easier to 
achieve. However, the cathode is subject to contamina- 
tion. That is, solid carbon forms on the cathode, gradu- 
ally builds up, and eventually reaches and covers the 
end of the cathode such that plasma cannot be ob- 
tained. In addition, as the carbon build-up is typically un- 
even on the circumferential surface of the cathode, the 
current flow is biased so that the cathode becomes only 
partially heated and is subject to arcing between the 
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cathode and the substrate, discontinuing deposition of 
the diamond film. Therefore, it is often not desirable to 
use a glow discharge system. 

[0009] It is therefore the object of the present inven- 
tion to provide a plasma jet CVD system which over- 5 
comes.the drawbacks of the prior art products. This ob- 
ject is solved by the plasma jet CVD system according 
to independent claims 1 , 13 and 23 as well as the meth- 
od for spacing apart a plurality of distribution heads ac- 
cording to independent claims 30 and 31 . Further ad- 
vantageous features, aspects and details of the inven- 
tion are evident from the dependent claims, the descrip- 
tion and the drawings. The claims are to be understood 
as a first non-limiting approach to define the invention 
in general terms. 

[0010] More particularly, this invention relates to a 
plasma jet chemical vapor deposition system using a 
plurality of deposition heads. 

[001 1 ] In one aspect of the invention a plasma jet CVD 
system having a plurality of non-convergent distribution 
heads is provided. 

[0012] Additional aspects and advantages of the in- 
vention will become apparent to those skilled in the art 
upon reference to the detailed description taken in con- 
junction with the provided figures, in which 

Figure 1 is a front view of a multiple distribution head 
plasma jet CVD system according to the invention; 

Figure 2 is a section view of one of the jet systems 
of the CVD system of the invention, the jet system 
shown rotated 90° relative to the view in Figure 1 ; 

Figure 3 is a top view of an array of plasma jet dis- 
tribution heads according to the invention; 

Figure 4 is a side view of an array of plasma jet dis- 
tribution heads according to the invention; 

Figure 5 is a graph of the deposition profile of a plas- 
ma jet distribution head; 

Figure 6 is a graph of measurements relating to cap- 
ture efficiency and a parameter <D, and a best fit 
curve therethrough. 

Figure 7 is a schematic top view of a two dimension- 
al array of plasma jet distribution heads according 
to a first alternate embodiment of the invention; and 

Figure 8 is a schematic top view of a two dimension- 
al array of plasma jet distribution heads according 
to a second alternate embodiment of the invention. 

[0013] Turning now to Figures 1 and 2, a plasma jet 
CVD system 10 generally includes a plurality of, e.g., 
five, jet systems 12, each having an engine 14, a gas 
injection disc 16, and a plasma jet distribution head 



(nozzle) 1 8. Each engine 1 4 is preferably an arc jet en- 
gine and includes a lateral hydrogen gas inlet 20, a cath- 
ode 22, an engine wall 24, an insulative lining 26 on the 
engine wall, and an anode 28. The gas injection disc 1 6 
is provided with gas feeds 29 and gas injection ports 30. 
The plurality of distribution heads 18 are directed to- 
wards a substrate 32 which is preferably movable on a 
support 34 relative to the distribution heads via moving 
means 35, e.g, a motorized mechanism. The moving 
means 35 may be adapted to rotationally or linearly 
move the support relative to the distribution heads 1 8, 
depending upon the geometry of the substrate 32. The 
substrate 32 may be a mandrel for the deposition of free 
standing diamond film, or may be a surface on which 
the diamond film is intended to be relatively permanently 
applied. A vacuum deposition chamber 36 surrounds 
the jet systems 1 2, the support 34, and the substrate 32 
located thereon. 

[0014] Referring to Figures 3 and 4, the distribution 
heads 1 8 are preferably linearly arranged. Preferably, 
the linear arrangement extends generally across the 
width of the substrate upon which diamond film is being 
coated and, more preferably, to conserve reagents, ex- 
tends at most to within 1 .27 cm (one half inch) of the 
edges 38 of the substrate material. If the array extends 
closer to the edges 38, reagent may be sprayed beyond 
the edge of the substrate and be wasted. The distribu- 
tion heads 1 8 are preferably optimally spaced apart from 
each other. That is, if the distribution heads are provided 
too far apart, there will exist issues with respect to dia- 
mond film coating thickness uniformity. According to a 
preferred aspect of the invention, it has been found that 
each point on the substrate where uniform thickness is 
desired must pass within a half a "profile width" of the 
impingement point of at least one Jet. More particularly, 
referring to Figure 5, the "profile width" is taken to be the 
width w between the points on the deposition profile at 
which deposition occurs at half the maximum rate; that 
is t max /2. In situations where different jet assemblies 
within an array of jets have different profiles (e.g., as 
often happens at the edge of an array), "profile widths" 
appropriate to such jet assemblies should be used. 
[001 5] It is noted that when the substrate is not moved 
relative to the jets, the distribution heads should prefer- 
ably be spaced apart (from center to center) within one 
half of a "profile width" of each other in order that each 
point on the substrate is within half a "profile width" of 
an impingement point of at least one distribution head. 
A relatively uniform diamond film coating thickness is 
thereby provided. 

[0016] Furthermore, those regions on the substrate 
which are influenced by one jet only must be positioned 
especially close to the impingement point of the jet. For 
example, if the thickness uniformity is required to be 
within ±5% of the desired thickness, acceptable regions 
of the substrate must pass close enough to the impinge- 
ment point of the head so that the profile height is within 
5% of the maximum value. This typically equates to with- 
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in approximately one quarter of a "profile width". Such 
considerations are particularly relevant for the outer- 
most distribution heads in'an array because they are 
most likely to be coating substrate regions that are af- 
fected by only one jet. That part of the substrate which s 
is more than one quarter of a "profile width" away from 
the impingement points of the outermost distribution 
heads represents wasted reagents (and wasted sub- 
strate, as the substrate will not have the required coating 
thickness). In order to maximize capture efficiency, re- 
agent waste must be minimized. This can be partly ac- 
complished by inclining the outermost distribution heads 
toward the center of the array (at angles preferably be- 
tween approximately 10 to 60 degrees, and more pref- 
erably at approximately 25 degrees). Such inclining 
skews the deposition profile so that more material is de- 
posited in the direction of incline than if the distribution 
heads were at normal incidence. 
[0017] This novel arrangement prevents the distribu- 
tion heads from being positioned too far apart relative 
to each other, and permits a relatively large area to be 
more quickly and uniformly coated. However, if the dis- 
tribution heads are spaced too closely together, the 
plasma (which is subject to laminar flow) exiting one dis- 
tribution head will interfere with the plasma exiting ad- 
jacent distribution heads. Such interference will cause 
the atomic hydrogen to be forced up and away from the 
substrate and thereby remain unused (and wasted) in 
the coating process. Therefore, the energy capture ef- 
ficiency; i.e., the efficient use of reagents, and particu- 
larly the efficient use of the relatively expensive hydro- 
gen reagent, should preferably also be considered. 
[0018] In addition, referring back to Figures 3 and 4 
and according to yet another preferred aspect of the in- 
vention, the distribution heads 1 8 are preferably provid- 
ed angled, or angleable, relative to a line normal to the 
substrate 32. The angle is preferably between approxi- 
mately 20° and 60°. The angle of the distribution heads 
relative to the substrate decreases heat flux and in- 
creases the substrate surface contact area 40 of the re- 
agents 42 exiting each distribution head 1 8 (Figs. 3 and 
4). In addition, the relatively large contact surface area 
40 created by an angled head limits the number of dis- 
tribution heads required for a particular application. 
Moreover, the angleability of the distribution heads pro- 
vides an additional degree of freedom which may be ad- 
ditionally advantageous is certain circumstances. 
[0019] Turning now to Figures 7 and 8, it will be ap- 
preciated that a two dimensional array of jet systems 
may also be provided. With respect to Figure 7, a first 
alternate embodiment is shown in which the distribution 
heads 18a are arranged in rows in two dimensions over 
the substrate 32, each row being preferably aligned with 
the adjacent row. With respect to Figure 8, a second al- 
ternate embodiment is shown in which the jet systems 
18b in adjacent rows are offset relative to one another. 
The number (and rows) of jet systems is limited only by 
the capacity of the chamber and the ability to couple 



each jet system to gas and reagent inlets. 
[0020] Referring back to Figures 1 and 2, with respect 
to each jet system 1 2, hydrogen gas enters the hydro- 
gen gas inlet 20 and is heated (at approximately 1 0,000 
K) to a partial plasma state (plasma flux) by an arc 
across the cathode 22 and the anode 28. Hydrogen is 
injected into the plasma and imparts a vortex swirl to the 
plasma. Downstream, hydrocarbon injectantand carrier 
hydrogen gas enters the gas injection disc 16 from gas 
supply feeds 29 and exits the gas injection ports 30 into 
the vortex swirl of plasma. The injectant and carrier gas 
mix and react with the hydrogen plasma, resulting in a 
mixture of molecular hydrogen, atomic hydrogen and 
carbon radicals. The mixture exits through the distribu- 
tion head 1 8 and is directed at the substrate 32. When 
the mixture strikes the relatively cool substrate 32, a 
polycrystalline diamond film is deposited on the sub- 
strate. 

[0021] The uniformity of coating thickness is further 
facilitated by moving the distribution heads and the sub- 
strate relative to one another during diamond film dep- 
osition. The support 34 and the distribution heads 18 
are preferably movable relative to each other such that 
the substrate 32 may be relatively moved in a direction 
substantially perpendicular to the linear array of distri- 
bution heads 18 as shown by the arrow in Figure 4. For 
linear-shaped substrates, it is preferable that the sub- 
strate material be moved once under the distribution 
heads at a relatively slow rate, e.g., 0.1 meter/hour, 
which effectuates complete coverage during the single 
pass. For an annular or other substantially circular 
shaped substrate, it is preferable that the substrate be 
moved under the distribution heads at a relatively faster 
rate, e.g., up to 4 meter/second or faster, which requires 
a substantial number of passes thereunder to effectuate 
the desired diamond film coating thickness. 
[0022] The combination of arranging the distribution 
heads with respect to a profile width and desired angle, 
configuring the plasma jets in accord with parameter <1>, 
and moving the distribution heads relative to the sub- 
strate provide an efficient process for manufacturing 
substantially uniform thickness diamond film. 
[0023] There have been described and illustrated 
herein a multiple distribution head plasma jet CVD sys- 
tem. While particular embodiments of the invention have 
been described, it is not intended that the invention be 
limited thereto, as it is intended that the invention be as 
broad in scope as the art will allow and that the specifi- 
cation be read likewise. Thus, while an arc jet system 
has been disclosed, it will be appreciated that other 
types of plasma jet systems, e.g., microwave energy, 
can be used as well. Furthermore, while each distribu- 
tion head is described as having a separate engine as- 
sociated therewith, it will be appreciated that more than 
one distribution head may be fed from an engine. Also, 
with respect to parameter <I>, different values could be 
used for the constants. Furthermore, parameter <X> may 
be otherwise calculated such that an energy capture ef- 
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ficiency of fifty percent is not provided by <t> equal to one. 
Moreover, a different parameter using some or all differ- 
ent variables may be used. It will therefore be appreci- 
ated by those skilled in the art that modifications could 
be made to the provided invention without deviating 
from its scope as so claimed. 



Claims 

1 . A multiple plasma jet CVD system (1 0) for deposit- 
ing a diamond film on a substrate material, compris- 
ing: 

a) a plurality of plasma jet systems (12) each 
having a means for producing a plasma and a 
distribution head (18) which directs said plas- 
ma, at least two of said distribution heads (1 8) 
being substantially parallelly directed and ori- 
ented at an angle relative to the substrate ma- 
terial (32); and 

b) a deposition chamber (36) surrounding said 
plasma jet systems. 

2. The multiple plasma jet CVD system (1 0) according 
to claim 1 , wherein: 

said plurality of distribution heads (18) are pro- 
vided in a substantially linear arrangement. 

3. The multiple plasma jet CVD system (1 0) according 
to claim 2, wherein: 

said linear arrangement extends generally 
across a width of the substrate material (32). 

4. The multiple plasma jet CVD system (1 0) according 
to claim 2, wherein: 

said linear arrangement extends to approxi- 
mately 1 .27 cm. (approximately one-half inch) 
of an edge of the substrate material (32). 

5. The multiple plasma jet CVD system (1 0) according 
to claim 2, wherein: 

the substrate material (32) has an edge (38), 
and 

said linear arrangement includes an end distri- 
bution head which is inwardly angled away from 
the edge (38). 

6. The multiple plasma jet CVD system (1 0) according 
to any one of the preceding claims, wherein: 

a first of said plurality of distribution heads (1 8) 



is separated from a second of said plurality of 
distribution heads (1 8) such that plasma direct- 
ed from said first distribution head (18) has a 
first central impingement point on the substrate 
5 material (32), and plasma directed from said 

second distribution head (18) has a second 
central impingement point, said second central 
impingement point being within a half a profile 
width of said first central impingement point. 

10 

7. A multiple plasma jet CVD system (10) according 
to any one of the preceding claims wherein: 

at least one of said plurality of distribution 
1 5 heads (18) has parameters configured such 

that an energy capture efficiency of said at least 
one of said plurality of distribution heads ex- 
ceeds fifty percent. 

20 8. A multiple plasma jet CVD system (10) according 
to any one of the preceding claims wherein: 

said plurality of distribution heads (18) are di- 
rected at the substrate material (32) at an angle 
25 between approximately 20° and 60° relative to 

a line normal to the substrate material (32). 

9. A multiple plasma jet CVD system (10) according 
to claim 1, wherein: 

30 

said distribution heads (18) are arranged in a 
two dimensional array. 

10. A multiple plasma jet CVD system according to any 
35 one of the preceding claims wherein: 

said distribution heads (18) are arranged in a 
plurality of rows which are aligned relative to 
one another. 

40 

11. A multiple plasma jet CVD system (10) according 
to any one of claims 1 to 9, wherein: 

said distribution heads (18) are arranged in a 
45 plurality of rows which are offset relative to one 

another. 

12. A multiple plasma jet CVD system (10) according 
to any one of the preceding claims, further compris- 

50 ing: 

c) means for moving (35) said substrate mate- 
rial relative to said distribution heads (18). 

55 13. A method for configuring a plurality of distribution 
heads (18) used to deposit diamond film on a sub- 
strate (32), each of the distribution heads (18) being 
associated with a plasma jet system (12), said 
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method comprising: 

directing the plurality of distribution heads (1 8) 
substantially parallel to each other and angled 
relative to the substrate (32). 

14. A method according to claim 13, further comprising: 

moving the substrate (32) relative to the plural- 
ity of distribution heads (1 8). 



Patentanspruche 

1. Mehrfachplasmastrahl-CVD-System (10) zum Ab- 
lagern einer Diamantschicht auf einem Substratma- 
terial, umfassend: 

a) mehrere Plasmastrahlsysteme (12), die je- 
des ein Mittel zum Erzeugen eines Plasmas 
und einen Verteilerkopf (18) aufweisen, der das 
Plasma ausrichtet, wobei wenigstens zwei der 
Verteilerkopfe (18) im wesentlichen parallel 
ausgerichtet und unter einem Winkel bezuglich 
des Substratm ate rials 32 orientiert sind; und 

b) eine Ablagerungskammer (36), die die Plas- 
mastrahlsysteme umgibt. 

2. Mehrfachplasmastrahl-CVD-System (10) nach An- 
spruch 1 , wobei die mehreren Verteilerkopfe (1 8) in 
einer im wesentlichen linearen Anordnung bereit- 
gesteilt sind. 

3. Mehrfachplasmastrahl-CVD-System (10) nach An- 
spruch 2, wobei die lineare Anordnung sich allge- 
mein uber eine Breite des Substratmaterials (32) er- 
streckt. 

4. Mehrfachplasmastrahl-CVD-System (10) nach An- 
spruch 2, wobei die lineare Anordnung sich bis auf 
annahernd 1 ,27 cm (annahernd einem halben Zoll) 
an den Rand des Substratmaterials (32) erstreckt. 

5. Mehrfachplasmastrahl-CVD-System (10) nach An- 
spruch 2, wobei das Substratmaterial (32) einen 
Rand (38) aufweist und die lineare Anordnung ei- 
nen Endverteilerkopf beinhaltet, der nach innen von 
dem Rand (38) weg angewinkelt ist. 

6. Mehrfachplasmastrahl-CVD-System (10) nach ei- 
nem der vorstehenden Anspruche, wobei ein erster 
der mehreren Verteilerkopfe (18) von einem zwei- 
ten der mehreren Verteilerkopfe (18) getrennt ist, 
so dalB Plasma, das von dem ersten Verteilerkopf 
(18) weggerichtet ist, einen ersten zentralen Auf- 
treffpunkt auf dem Substratmaterial (32) aufweist, 
und Plasma, das von dem zweiten Verteilerkopf 



(18) weggerichtet ist, einen zweiten zentralen Auf- 
treffpunkt aufweist, wobei der zweite zentrale Auf- 
treffpunkt innerhalb einer HSIfte einer Profilbreite 
des ersten zentralen Auftreffpunktes liegt. 

5 

7. Mehrfachplasmastrahl-CVD-System (10) nach ei- 
nem der vorstehenden Anspruche, wobei wenig- 
stens einer der mehreren Verteilerkopfe (18) Para- 
meter aufweist, die so konfiguriert sind, daft eine 

10 Energieerfassungseffizienz wenigstens eines der 
mehreren Verteilerkopfe 50% uberschreitet. 

8. Mehrfachplasmastrahl-CVD-System (10) nach ei- 
nem der vorstehenden Anspruche, wobei die meh- 

15 reren Verteilerkopfe (18) auf das Substratmaterial 
(32) unter einem Winkel von zwischen annahernd 
20 Grad und 60 Grad bezugtich einer Geraden aus- 
gerichtet sind, die zu dem Substratmaterial (32) 
normal ist. 

20 

9. Mehrfachplasmastrahl-CVD-System (10) nach An- 
spruch 1, wobei die Verteilerkopfe (18) in einer 
zweidimensionalen Gruppierung angeordnet sind. 

25 10. Mehrfachplasmastrahl-CVD-System (10) nach ei- 
nem der vorstehenden Anspruche, wobei die Ver- 
teilerkopfe (18) in mehreren Reihen angeordnet 
sind, die zueinander ausgerichtet sind. 

30 11. Mehrfachplasmastrahl-CVD-System (10) nach ei- 
nem der Anspruche 1 bis 9, wobei die Verteilerkopfe 
(18) in mehreren Reihen angeordnet sind, die ge- 
geneinander versetzt sind. 

35 12. Mehrfachplasmastrahl-CVD-System (10) nach ei- 
nem der vorstehenden Anspruche, ferner umfas- 
send: 

c) Mittel zum Bewegen (35) des Substratmate- 
40 rials bezuglich der verteilerkopfe (18). 

13. Verfahren zum Konfigurieren mehrerer Verteiler- 
kopfe (18), die dazu verwendet werden, eine Dia- 
mantschicht auf einem Substrat (32) abzulagern, 

45 wobei jeder der Verteilerkopfe (1 8) mit einem Plas- 
mastrahlsystem (12) assoziiert ist, das Verfahren 
umfassend: 

Ausrichten der mehreren Verteilerkopfe (1 8) im 
50 wesentlichen parallel zueinander und unter ei- 

nem Winkel bezuglich des Substrats (32). 

14. Verfahren nach Anspruch 13, ferner umfassend: 

55 Bewegen des Substrats (32) bezuglich der 

mehreren Verteilerkopfe (18). 
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Revendications 

1. Systeme CVD par jets de plasma multiples (10) 
pour le d6pdt d'un film de diamant sur un materiau 
substrat, comprenant : 

a) une plurality de systemes par jets de plasma 
(1 2) ayant chacun un moyen de production d'un 
plasma et une tete de distribution (1 8) qui dirige 
ledit plasma, au moins deux desdites tetes de 
distribution (1 8) etant dirigees et orientees sen- 
siblement parallelement en faisant un angle 
avec le materiau substrat (32) ; et 

b) une chambre de depot (36) entourant lesdits 
systemes par jets de plasma. 

2. Systeme CVD par jets de plasma multiples (1 0) se- 
lon ia revendication 1 , dans lequel : 

ladite pluralite de tetes de distribution (18) est 
fournie selon une disposition sensiblement li- 
n6aire. 

3. Systeme CVD par jets de plasma multiples (10) se- 
lon la revendication 2, dans lequel : 

ladite disposition lineaire s'etend g6n6ralement 
d'un cote a I'autre d'une largeur du materiau 
substrat (32). 

4. Systeme CVD par jets de plasma multiples (10) se- 
lon la revendication 2, dans lequel : 

ladite disposition lineaire s'etend sur approxi- 
mativement 1,27 cm (approximativement la 
moiti6 d'un pouce) d'un bord du materiau subs- 
trat (32). 

5. Systeme CVD par jets de plasma multiples (1 0) se- 
lon la revendication 2, dans lequel : 

le materiau substrat (32) a un bord (38), et 
ladite disposition lineaire inclut une tete de dis- 
tribution terminale orientee vers I'interieur, a 
I'ecart du bord (38). 

6. Systeme CVD par jets de plasma multiples (1 0) se- 
lon I'une quelconque des revendications prec^den- 
tes, dans lequel : 

une premiere tete de ladite pluralite de tetes de 
distribution (18) est separee d'une seconde te- 
te de ladite pluralite de tetes de distribution (1 8) 
de telle sorte que ie plasma dirige" depuis ladite 
premiere tete de distribution (18) a un premier 
point d'impact central sur le materiau substrat 
(32), et le plasma dirige depuis la seconde tete 
de distribution (18) a un second point d'impact 



central, ledit second point d'impact central 
6tant situe dans une moitiS d'une largeur de 
profile dudit premier point d'impact central. 

5 7. Systeme CVD par jets de plasma multiples (1 0) se- 
lon I'une quelconque des revendications pr6c6den- 
tes, dans lequel : 

au moins une tete de ladite pluralite de tetes de 
10 distribution (18) a des parametres configures 

de telle sorte qu'une efficacite de capture 
d'energie de ladite au moins une tete de ladite 
pluralite de tetes de distribution excede 50%. 

15 8. Systeme CVD par jets de plasma multiples (10) se- 
lon I'une quelconque des revendications preceden- 
ces, dans lequel : 

ladite pluralite de tetes de distribution (18) est 
20 dirig6e vers le materiau substrat (32) selon un 

angle compris entre approximativement 20° et 
60° par rapport a une ligne normale au mate- 
riau substrat (32). 

25 .9. Systeme CVD par jets de plasma multiples (10) se- 
lon la revendication 1 , dans lequel : 

lesdites tetes de distribution (18) sont dispo- 
sers selon une matrice a deux dimensions. 
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10. Systeme CVD par jets de plasma multiples selon 
I'une quelconque des revendications pr6c6dentes, 
dans lequel : 

lesdites tetes de distribution (18) sont dispo- 
sers selon une pluralite de rangers aligners 
les unes par rapport aux autres. 

1 1 . Systeme CVD par jets de plasma multiples (1 0) se- 
lon I'une quelconque des revendications 1 a 9, dans 
lequel : 

lesdites tetes de distribution (18) sont dispo- 
sers selon une pluralite de rangees decades 
les unes par rapport aux autres. 

1 2. Systeme CVD par jets de plasma multiples (1 0) se- 
lon I'une quelconque des revendications pr6c6den- 
tes, comprenant, en outre : 

c) un moyen pour deplacer (35) ledit materiau 
substrat par rapport auxdites tetes de distribu- 
tion (18). 

13. Proc6d6 pour configurer une pluralite de tetes de 
distribution (18) utilisees pour deposer un film de 
diamant sur un substrat (32), chacune des tetes de 
distribution (18) etant associee a un systeme par 
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jets de plasma (12), ledit proc^de comprenant : 

la mise en place de la plurality de t§tes de dis- 
tribution (18) sensiblement paralleles les unes 
par rapport aux autres et orientees par rapport 5 
au substrat (32). 

14. Proc6d6 selon la revendication 13, comprenant, en 
outre : 

10 

le defacement du substrat (32) par rapport a 
la plurality de tetes de distribution (18). 
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FIT TO THERMAL CAPTURE EFFICIENCY DATA 
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